Introduction: Recently, controversy has surrounded a 2011 Food and Drug Administration warning against using citalopram at doses .40 mg/day due to QTc prolonging effects. Methods: Patients 18 years old at the VA North Texas Health Care System were included in this retrospective review if they had received at least 1 prescription for a 30-day supply of citalopram between January 1, 2007, and February 29, 2012, and had a baseline electrocardiogram (ECG) within 1 year before initiation or dose increase of citalopram and at least 1 repeat ECG within 3 months after citalopram initiation or dose increase. The primary endpoint was the prevalence of QTc prolongation (QTc interval 470 ms for men and 480 ms for women) after initiation or a dose increase of citalopram. For secondary objectives, Fisher exact tests were used determine if there was a dose-dependent difference in prevalence of QTc prolongation among the whole study sample and among the subgroup of patients 60 years old.
Introduction
In August 2011, the Food and Drug Administration (FDA) released a drug safety communication that significantly changed dosing recommendations for the selective serotonin reuptake inhibitor (SSRI) citalopram. This warning advised against prescribing citalopram at doses .40 mg/day due to ''dose-dependent QT interval prolongation.'' This safety warning also decreased the maximum dose to 20 mg in patients 60 years old, those with hepatic impairment, those who are CYP2C19 poor metabolizers, and/or those taking cimetidine or other CYP2C19 inhibitors. The FDA recommended frequent electrolyte and electrocardiogram (ECG) monitoring for QTc prolongation in patients that meet these criteria and are taking citalopram. This safety communication also recommended against the use of citalopram in certain patient populations, including those with symptomatic bradycardia, uncompensated heart failure, hypokalemia, or hypomagnesemia; those with recent acute myocardial infarction; or those taking other drugs that prolong the QT interval. 1 The FDA updated the 2011 safety announcement in March 2012, changing congenital long QT syndrome from a contraindication to a precaution for citalopram. 2 The FDA safety communication did not cite specific evidence supporting its recommendations but did discuss an ''unpublished thorough QT/QTc study'' of citalopram, which was a randomized, multicenter, double-blind, placebo-controlled, active drug-controlled crossover study. 1, 3 The primary outcome was the mean change in QTc interval in 119 healthy, nondepressed subjects randomized to receive 20 or 60 mg citalopram per day, 400 mg moxifloxacin per day, or placebo. The mean change in QTc interval was 8.5 ms (90% confidence interval [CI], 6.2-10.8) in the citalopram 20-mg group and 18.5 ms (90% CI, 16.0-21.0) in the citalopram 60-mg group. The investigators concluded that citalopram should not be used at doses .40 mg/day as a result of this statistically significant finding in the 60-mg group. Estimations of change in QTc with citalopram 40 mg were calculated using the mean values for the 20-mg and 60-mg groups, thus providing no evidence on the QTcprolonging effects of the 40-mg dose. The guidelines of the Committee for Proprietary Medicinal Products suggest that the risk of developing torsades de pointes (TdP) increases significantly with an increase in QTc interval of 30 to 60 ms from baseline, 4 which was not mentioned for any subjects in this study.
There are some existing case reports of QTc prolongation and TdP in patients taking citalopram, 5 but large randomized controlled trials have provided only minimal evidence on the significance of this serious adverse event. Most citalopram studies have focused on efficacy and were not designed to evaluate QTc prolongation as the primary outcome. The Sequenced Treatment Alternatives to Relieve Depression trial did not find significant cardiac toxicity associated with citalopram; however, safety monitoring did not include ECGs. [6] [7] [8] A systematic review by Rasmussen and colleagues 9 evaluating trials of citalopram at doses up to 60 mg per day did not find a significant effect on QTc interval, but many of the studies included did not include patients with cardiovascular disease.
Castro and colleagues 10 performed a cross-sectional study of 38 397 adult patients with ECGs after receiving a prescription for an antidepressant or methadone. This study found dose-dependent QTc prolongation for citalopram (adjusted b 0.10 [SE 0.04], P , .01), escitalopram (adjusted b 0.10 [SE 0.04], P , .01), and amitriptyline (adjusted b 0.11 [SE 0.03], P , 0.001). However, the extent of QTc prolongation was small for each of these medications and the proportion of patients categorized with abnormal QTc intervals (451-500 ms for men and 471-500 ms for women) was similar for all antidepressants studied. This study also revealed significant within-subject QTc prolongation with increases in citalopram dose from 10 to 20 mg (7.8 ms, P , 0.05) and 20 to 40 mg (10.3 ms, P , 0.01). There is a possibility that results were skewed because patients who received higher doses had fewer medical comorbidities and were less likely to reach the outcome of death during the study period, although the investigators did adjust for confounders.
Van Haelst and colleagues 12 performed a cross-sectional study of 794 elderly surgical patients either prescribed SSRIs or not prescribed SSRIs, matched 1 to 1 based on sex and year of outpatient surgery, excluding cardiac surgeries and cardioversion. After adjusting for confounding factors, the researchers did not find any difference in the primary outcome of occurrence of QTc interval prolongation (.450 ms for men and .470 ms for women) between SSRI users (6%) and non-SSRI users (5%). Of the 397 patients in the index group who received SSRIs, the most commonly prescribed SSRIs were citalopram (n ¼ 114) and paroxetine (n ¼ 172). A subgroup analysis revealed that the incidence of QTc prolongation in the citalopram group (10%) was not statistically greater than their matched non-SSRI user cohorts (7%).
The current study evaluates the risk of developing prolonged QTc interval based on citalopram dose and patient age in a Veterans Health Administration population, and includes patients with significant cardiac disease in attempts to replicate a real-world setting and enhance generalizability of the study results. increase. Patients were excluded if they had prolonged QTc at baseline. Patients were also excluded if they were receiving concurrent medications with a risk of prolonging QTc interval, which included all drugs on qtdrugs.org (Arizona Cert Center for Education and Research on Therapeutics) with risk of torsades or possible risk of torsades.
Methods Study Design
13 Drugs with conditional risk of torsades were not excluded. After charts of 1423 patients receiving citalopram during the study period were reviewed, 73 patients were included. The most common reasons for exclusion were lack of ECG, inappropriate ECG timing, and concurrent drugs with risk of torsades or possible risk of torsades.
Electronic medical records were reviewed to obtain the following data: age at time of citalopram initiation, sex, race, psychiatric diagnoses, laboratory data (AST/ALT, serum creatinine, and creatinine clearance), ECG data, citalopram dose, and concurrent drugs with conditional risk of torsades. The data were used to evaluate the demographics of the study population and the study endpoints. Data collection also included adverse events, including sudden cardiac death, TdP, and other cardiac events.
Endpoints
The primary endpoint was the percent of ECGs with QTc prolongation (470 ms for men and 480 ms for women) after initiation or dose increase of citalopram. Secondary endpoints included prevalence of QTc prolongation by dose, prevalence of QTc interval 500 ms or an increase of 60 ms from baseline, mean change in QTc interval by dose, and prevalence of cardiac arrest and cardiac events. Citalopram doses were stratified into the following groups to evaluate the secondary outcome of prevalence of QTc prolongation by dose: 10-20 mg, 30-40 mg, and 60-80 mg. Subgroup analyses of all primary and secondary endpoints were performed in patients 60 years old. For each patient, all QTc data that met inclusion criteria were collected, so patients who received different doses of citalopram during the study period are represented in multiple-dosage groups. However, only 1 patient experienced QTc prolongation with 2 different citalopram doses. This patient was included in the total percentage of patients who developed QTc prolongation but was omitted when comparing an effect among the different citalopram doses in order to maintain independence among the dose groups.
Statistical Analysis
Nominal data, including prevalence of QTc prolongation at various citalopram doses, were analyzed using a Fisher exact test. A Student t test was used to analyze continuous data, which included mean change in QTc interval from baseline in each dose group.
Results
Seventy-three patients were included in this retrospective review, and 32 patients were 60 years old. Baseline characteristics are listed in Table 1 . The mean age of the patients included in this study was 57.5 years, and the majority were men (86.3%) and white (79.5%). The most common psychiatric diagnosis was depression, and 18 patients (25%) had at least 1 documented form of current or past substance abuse.
Primary and secondary endpoints are displayed in Table 2 for the entire study sample and in Table 3 for patients 60 years old. QTc prolongation was identified in 12 patients (16.4%) among the entire study sample and in 7 patients (21.7%) in the subgroup of patients 60 years old. The prevalence of QTc prolongation increased with citalopram dose in the entire study population (P ¼.016). This trend was also observed in patients 60 years old but did not meet statistical significance.
The mean change in QTc interval compared with baseline values after the initiation or a dose increase of citalopram was significant in both the 30-to 40-mg group and the 60-to 80-mg group, among the entire sample, and in the subgroup of patients 60 years old, as reflected in Tables  2 and 3 . Six patients (8.2%) among the entire study population and 3 patients (9.4%) among patients 60 years old had QTc intervals 500 ms or an increase 60 ms from baseline. At the time of this ECG finding, 4 patients were receiving citalopram 60 mg, 1 patient was receiving citalopram 40 mg, and 1 patient was receiving citalopram 20 mg.
Of the 73 patients included in the study, there were 2 documented instances of cardiac arrest involving a code response team. One patient was prescribed citalopram 30 mg daily and the other patient was prescribed citalopram 40 mg daily. The patient on citalopram 40 mg daily did not have prolonged QTc on any ECG, but did have a history of cocaine use, which significantly increases the risk of cardiac events. QTc prolongation was documented on a routine ECG before the cardiac arrest for the patient prescribed citalopram 30 mg daily. A finding of TdP was not captured on ECG for either patient, but one of the patients was found to be in asystole in the field for an unknown duration of time. Both patients were resuscitated from cardiac arrest, but 1 patient later died in the intensive care unit after resuscitation. There was 1 cardiac event involving a noncoding patient with supraventricular tachycardia who was admitted to the intensive care unit.
Thirty-nine patients (53%) received at least 1 concomitant agent with a conditional risk of TdP. The most common of these agents was trazodone, which was prescribed for 29 patients (40%). Other agents with conditional TdP risk (trimethoprim/sulfamethoxazole, nortriptyline, amitriptyline, ciprofloxacin, diphenhydramine, and fluconazole) were each prescribed in fewer than 5 patients. Of the 12 patients who experienced prolonged QTc interval, 5 received at least 1 drug concurrently with citalopram with a conditional risk of TdP. Of these patients, 3 received trazodone alone, 1 received ciprofloxacin, and 1 received trazodone and diphenhydramine.
The Figure depicts citalopram discontinuations for various reasons. In the majority of cases, the reason for citalopram discontinuation was unclear or there was a switch to an alternative antidepressant agent. Ten patients still had an active prescription for citalopram at the time charts were reviewed.
Discussion
To our knowledge, this is the first study that investigates the prevalence of QTc prolongation after initiation or dose increase of citalopram in a cohort of patients 60 years old. Broad exclusion due to lack of ECG monitoring and ECG timing suggests that ECGs are not being routinely It is important to note that greater than 8% of the entire study population had QTc intervals 500 ms or an increase 60 ms from baseline, which is thought to be associated with an increased risk of developing TdP. 4 It must also be mentioned that 4 of the 6 patients with this ECG finding were receiving citalopram 60 mg daily. Of 73 patients, 2 (2.7%) experienced cardiac arrest, possibly as a result of ventricular arrhythmias. Although citalopram cannot be identified as the cause of cardiac arrest, it certainly suggests that it is vital to monitor ECGs in patients receiving high doses of citalopram and in patients with other risk factors for prolonged QTc interval. In this study, trazodone was the most frequently prescribed concurrent medication with a conditional risk of torsades according to qtdrugs.org, but there was not a clear signal that trazodone increased QTc prolongation risk. Almost half of the patients included in the study received trazodone, and almost half of the patients with QTc prolongation received trazodone. We are also not able to track the frequency of the as needed use of trazodone in this patient population, thus making it even more difficult to establish a link with QTc prolongation in patients receiving citalopram.
Some important limitations should be taken into consideration. First, this study is retrospective in nature, which makes it impossible to measure adherence to citalopram. Another concern is that the prevalence of QTc prolongation was overestimated because ECGs were not randomly obtained. In other words, not all patients who were screened for inclusion received ECGs, and those who did receive ECGs and were subsequently included in the study may have had other risk factors present for prolonged QTc interval. The study design excluded patients taking concomitant medications with significant risk of prolonging QTc but did not exclude patients with risk factors such as preexisting cardiac disease, which could increase the risk of QTc prolongation. On the other hand, including patients with cardiac disease is advantageous because this more accurately reflects a real-world setting and makes the results of this study more generalizable.
A second limitation relates to the prevalence of QTc prolongation among the various dose groups. The number of patients in each dose group is not equivalent, so it may not be reasonable to compare prevalence of QTc prolongation between groups. Another important consideration is the fact that our threshold for QTc prolongation (470 ms for men and 480 ms for women) was higher than in some previous studies. 10, 12 Using a more conservative cutoff for QTc prolongation would have resulted in a higher incidence of the primary outcome in our study. Also, we did not study the prevalence of QTc prolongation with other SSRI antidepressants, and therefore, can provide little guidance about whether other SSRIs provide a safer alternative to citalopram.
In conclusion, this study suggests that there is a citalopram dose-dependent increase in QTc interval with significant increases compared with baseline at doses ranging from 30 to 80 mg. The incidence of QTc prolongation with citalopram may be higher in patients 60 years old, and the incidence of cardiac arrest caused by ventricular arrhythmias may be greater than what has previously been reported. Caution is recommended when prescribing citalopram in patients with cardiovascular comorbidities, and timely ECG monitoring should be performed. The limitations of this small retrospective cohort study must be taken into consideration, and these results should be replicated in larger trials.
